A diversity study on the presence of strains representing the genus Micromonospora in Pisum sativum nodules collected from Cañizal (Spain) has provided evidence of the high number of isolates that might represent novel species. In the present work, we have characterized three of these isolates: GUI23
T , GUI43 T and GUI63
T . Phenotypic and genotypic analyses confirmed that all strains represent novel species of the genus Micromonospora with the following proposed names: Micromonospora ureilytica sp. nov., type strain GUI23 T The genus Micromonospora, first described by Ørskov (1923) , has expanded greatly in the last decade from 15 to 62 species with validly published names at the time of writing. To analyse the diversity of Micromonospora strains isolated from Pisum sativum nodules, the multilocus sequence analysis (MLSA) technique was used in a previous study (Carro et al., 2012b) . From the MLSA data, several strains were underpinned as potential representatives of novel species. In this study three strains (GUI23 T , GUI43 T and GUI63 T ) were further analysed for their morphological, chemotaxonomic, cultural, metabolic and genomic properties to establish their taxonomic position within the genus Micromonospora.
All strains were isolated on yeast mannitol agar (YMA), (Vincent, 1970) , following the process previously described by Trujillo et al. (2006) . The isolated strains were maintained on International Streptomyces Project medium 2 (ISP 2) (Shirling & Gottlieb, 1966) and preserved in glycerol (20 %, v/v) at À20 C for study and at À80 C for long-term preservation.
The almost complete 16S rRNA gene sequences obtained previously (Carro et al., 2012b) were compared with those of species with validly published names using the Ez-Taxon server (Kim et al., 2012) . Strains GUI23  T , GUI43  T and  GUI63 T were closely related to Micromonospora saelicesensis Lupac 09 T , showing 99.6, 99.2 and 99.4 % sequence similarity respectively.
16S rRNA gene sequences of species of the genus Micromonospora currently having validly published names were recovered from the Genbank/EMBL database, and all strains were aligned manually for comparison. Phylogenetic analyses were made using the MEGA 6 program (Tamura et al., 2013) using the Kimura 2-parameter model to calculate evolutionary distances. The neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods were used to infer the tree topologies. Bootstrap analysis based on 1000 replicates was performed to assess the robustness of the tree topologies.
A phylogenetic tree of the strains analysed is shown in Fig. 1 T , GUI43 T and GUI63 T and species currently recognized in the genus Micromonospora. A total of 1345 nt was analysed. Asterisks indicate that the corresponding nodes were also recovered in the maximum-likelihood tree. Bar, 0.005 substitutions per nucleotide position.
subsequently joined an adjacent cluster supported by a bootstrap support value of 91 %, which included several plantrelated strains of the genus Micromonospora (Trujillo et al., 2007; Zhang et al., 2014; Zhao et al., 2014) .
Cell morphology, Gram stain and motility were observed on a phase-contrast microscope (Leica; CTR MIC) using 7-day-old cultures grown on ISP 2 agar. All strains were Gram-stain-positive with extensively branching and nonfragmented hyphae and were non-motile. Single, nonmotile spores were detected after 2 weeks of incubation. Several media were used to determine the cultural characteristics of the strains: ISP 2, ISP 3 (Shirling & Gottlieb, 1966) , SA1 (Trujillo et al., 2005) , Bennett (Jones, 1949) and YMA. The isolates were able to grow on all media tested but with better development on SA1; the substrate mycelium colour varied from light orange to brown, and none of the strains produced aerial mycelium (Table S1 , available in the online Supplementary Material). Strains GUI23
T and GUI43
T produced diffusible light-orange and brown pigments on SA1 agar, respectively, while a red pigment was produced by strain GUI63 T on ISP 3 medium (Table S1 ).
Growth was evaluated at different temperatures (4, 12, 20, 28, 37 and 45 C), several NaCl concentrations (1, 3, 5, 7 and 9 %, w/v) and different pH values (4.5, 5.5, 6.5, 7.5, 8 and 9). Utilization of carbon sources was determined according to Williams et al. (1983) . Hydrolysis of arbutin, aesculin, casein, gelatin, starch, Tween 20, Tween 80, tyrosine, urea and xylan, and oxidase and catalase activities were evaluated following the methods described by Trujillo et al. (2005) . The API ZYM kit (BioM erieux) was used for the analysis of several enzymic reactions according to the manufacturer's instructions. Results are summarized in Table 1 showing the main differences between the novel strains and related taxa. The phenotypic profiles clearly distinguished the novel isolates from each other and from their closest phylogenetic neighbours.
Several chemotaxonomic markers were analysed to confirm the affiliation of the strains to the genus Micromonospora. Cell preparation and protocols for whole-cell sugars, isomers of diaminopimelic acid, menaquinones, polar lipids and fatty acids were carried out as explained previously (Carro et al., 2012a) .
All strains contained meso-diaminopimelic acid (meso-DAP) and glucose, mannose, ribose and xylose as main sugars, strains GUI23
T and GUI63 T also showed the presence of galactose, and GUI43
T and GUI63 T the presence of rhamnose. Diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol were found in the phospholipid analysis for all the strains analysed as well as unidentified phosphoglycolipids (Fig. S1 ). The main menaquinones found in the three strains were MK-10 (H 4 ) with percentages of 57.3, 50.9 and 56.2 %, MK-10 (H 6 ) with percentages of 19.1, 16.9 and 14.5 %, and MK-9 (H 4 ) with percentages of 9.7, 11.9 and 9.1 %, respectively for GUI23 T , GUI43
T and GUI63 T ; in GUI63 T , MK-9 (H 6 ) was also detected at 19 %. Minor amounts of MK-9 (H 2 ), representing 2.8, 6.5 and 6.4 %, and MK-10 (H 2 ), amounting to 2.3, 2.7 and 6.9 %, respectively for GUI23 T , GUI43
T and GUI63 T , were observed, as well as MK-9 (H 6 ) at 5.1 and 3.5 % for GUI23
T and GUI43 T , respectively. The main fatty acids detected were iso-15 : 0, iso-17 : 1!9c, iso-17 : 0 and anteiso-17 : 0 for GUI23 T , iso-15 : 0, iso-17 : 0, iso-17 : 1!9c and iso-16 : 0 for GUI43 T , and iso-15 : 0, iso-16 : 0, 17 : 0, 17 : 1!8c and iso-17 : 1!9c for GUI63 T (Table S2 ). All chemotaxonomic markers confirmed that the three strains analysed belong to the genus Micromonospora.
The DNA G+C content of the study strains was determined using the thermal melting method (Mandel & Marmur, 1968) T (16S rRNA gene sequence similarity 99.3 %) as this strain appeared closer on the 16S rRNA gene phylogenetic tree; the resultant value was 46.6 % (Carro et al., 2012b) . Similarly, the DNA relatedness values among the three isolates were below the threshold value for assigning strains to the same species (Wayne et al., 1987) . The above DDH values are the mean of duplicate measurements ( Table 2 ).
The phenotypic, chemotaxonomic and genotypic analysis of strains GUI23 T , GUI43
T and GUI63 T confirmed their taxonomic positions within the genus Micromonospora as representatives of novel species, for which the following names are proposed: Micromonospora ureilytica sp. nov., Micromonospora noduli sp. nov., and Micromonospora vinacea sp. nov., respectively.
Description of Micromonospora ureilytica sp. nov.
Micromonospora ureilytica (u.re.i.ly¢ti.ca. N.L. fem. n. urea urea; N.L. adj. lyticus -a -um (from Gr. adj. lutikos -ê -on) able to loosen, able to dissolve; N.L. fem. adj. ureilytica urea-dissolving).
Gram-stain-positive actinobacterium with extensively branched and non-fragmented hyphae. Single, non-motile and smooth-surfaced spores are produced at the end of the hyphal tips. Substrate mycelium colour varies from light to deep orange; colonies are folded and raised and lack aerial mycelium. On SA1 agar, a light-orange diffusible pigment is produced. Chemo-organotrophic and aerobic. Grows at a pH of 7 to 8. The growth temperature range is between 20 and 37 C, with an optimum at 28 C. Growth in the presence of 1 % NaCl is observed. . All data from this study, except for carbon sources for 'M. zeae' obtained from Shen et al. (2014) . All strains are positive for esterase (C4), lipase (C18), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, b-galactosidase, N-acetyl-b-galactosidase and oxidase, and utilization of fructose, melibiose, arbutin and gelatin. All strains are negative for b-glucuronidase. +, Positive; À, negative; ND, not determined; W, weakly positive. (%)  1  3  3  1  3  1  3  3  pH tolerance 7-8 7-9 7-9 7-9 6.5-9 6.5-9 6-9 6.5-9 Temperature range (ºC) 20-37 12-37 12-37 12-45 10-37 20-37 18-37 12-45 Degradation of:
The type strain, GUI23 T (=CECT 9022 T =DSM 101692 T ), was isolated from a root nodule of Pisum sativum in Cañi-zal, Zamora (Spain). The DNA G+C content of the type strain is 70.7 mol%.
Description of Micromonospora noduli sp. nov.
Micromonospora noduli (no¢du.li. L. gen. dim. n. noduli of a little knot, of a nodule).
Gram-stain-positive actinobacterium with extensively branched and non-fragmented hyphae. Single, non-motile and smooth-surfaced spores are produced at the end of the hyphal tips. Substrate mycelium colour varies from beige to dark brown; colonies are folded and raised, and aerial mycelium is absent. On SA1 agar, a brown diffusible pigment is produced. Chemo-organotrophic and aerobic. Grows at a pH of 7 to 9. The growth temperature range is between 12 and 37 C, with an optimum at 28 C. Grows in the presence of 3 % NaCl. Oxidase-and catalase-positive. Description of Micromonospora vinacea sp. nov.
Micromonospora vinacea (vi.na¢ce.a L. fem. adj. vinacea brown-red, colour of the substrate mycelium and the production of a red pigment).
Gram-stain-positive actinobacterium with extensively branched and non-fragmented hyphae. Single, non-motile and smooth-surfaced spores are produced at the end of the hyphal tips. The colonies vary from light yellow-orange to brown; colonies are folded and raised, and aerial mycelium is absent. On ISP 3 agar, a red diffusible pigment is produced. Chemo-organotrophic and aerobic. Grows at pH of 7 to 9. The growth temperature range is between 12 and 37 C, with an optimum at 28 C. Grows in the presence of 3 % NaCl. T =DSM 101695 T ), was isolated from a root nodule of Pisum sativum in Cañi-zal, Zamora (Spain). The DNA G+C content of the type strain is 70.2 mol%.
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